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RTCC REQUIREMENTS FOR MISSIONS E, F, AND G:
GREENWICH HOUR ANGLE FORMULATION FOR THE PREDICTOR

By Paul F. Flanagan
SUMMARY AND INTRODUCTION

The formulstion is presented for computing the hour engle from the
mean equinox et the beginning of the neerest Besselian year to the
Greenwich meridian for the RTCC predictor for Missions E, F, and G.
The method of computing this angle is to define the angle at the ref-
erence epoch (midnight preceding launch) and then to compute the angle
for any time during the epoch year using the mean sideresl rotation
rate relative to a star-fixed reference frame. The validity of this
procedure was establisbed using the nutation-precession matrices and
apparent Greenwich hour angles used in the RTCC Mission E orbit deter-
mination program. The formulation will be used to evaluate the earth
sectoral (J22, )\22) gravitational acceleration.

FORMULATION

To define the hour angle et midnight preceding launch, it is first
necessary to compute the universal time of the beginning of the Bes-
sellian yeer of the epoch (NBY). At that time the hour angle is 18PL0™
by definition. Then the angle the earth rotates through from that time
to midnight prior to launch is computed using the mean sidereal rotaetional
rate of the earth. The time of the beginning of the Bessilian year is
computed by evaluamting Newcomb's equation. The reference presents (page 73)
Newcomb's equation for computing the Greenwich hour angle at midnight
relative to & precessing reference frame, Ru:

R, = 18P28™,5.836 + 86&018&.35h2Tu + 0.50939Tu2

where Tu is the number of Julian centuries of universal time elapsed

since Greenwich mean moon of 1900 Jenuary O.



The reference also presents (page 30) the definition of the begin-
ning of the Besselian year as the instent when the right ascension of
the fictitious mesn sun, affected by aberration and measured from ihe

mean equinox, is 18nh0m. In terms of Newcomb's equation, the beginning
of the Besselien jear is the timc when Newcomb's equation equals

(l8hh0m +n 2hh) vhere n is the integral number of years from 1900.

Thus determining the beginning of the Besselian year involves
solving the quadratic for the time in Julian centuries from mean moon
1600 Jsnuary O. to the beginning of the Besselian year defiInea by the
epoch year, E. This time, T, is now converted to days fron. January O.
(DE) from the definition that a Julian century equals 36 525 days:

DE = 36525T - 3%65(E - 1900.) + 0.5 - XN

vhere XN is the number of leap years from 1900 to the epoch year not
including the epoch year. The values for DE have been computed and
acrece to the sccuracy shown in the reference (page L3k).

Tsble I includes values of DE computed using these equatiors for
epochs 1960 through 1979.

After determmining the time of the beginning of the Besselian year
and the hour angle associated with that time, the hour angle for mid-
night preceding launch during the epcch year is computed. The mean
sidereal rotation rate relative to & nonprecessing axis is used (page 76):
1.002737811906 rev/day.

The following defines the base angle, BHA, et midnight prior lsunch:
BHA = 21/3.6 + W) DELTA where DELTA is days from the beginning of the
Besselian year to the base midnight and Wl is the incremental daily
rotation rate (rad/day).

The hour engle for any subsequent integration step is then

HA = BHA + W2 H, modulo 2 where H is hours from the base midnight

end W, is the hourly rotation rate (red/hr).

COMPUTATIONAL PROCEDURE

Table II presents a printout of the subroutine that was ceveloped
to compute the angles to compare with the nutation-precession catas used
by the RTCC orbit determination program.



Teble III supplies reference dete generated using this procedure.

Initiglization
Initislization occurs as follows:

1. Input epoch year, E, bese year, Y, and base day, D. (Jenusry 1
is day 1).

2. Compute beginning of Besselian year, DE, by first finding the
number of leap years from 1900 to epoch year not including the epoch
year:

XN = integral part ((E - 1901)/4)

Then, find the time in Julian centuries from mean moon 1900 January O:

ec/(-B -\E2 - MAC)

T =
where
A = .0929
B = 8640184.542
C = -86400 (E - 1900.) - Th.164

Finally, compute the days from Janusry O. of epoch year:
DE = 365257 - 365 (E - 1900) + .5 - XN
3. Compute days from epoch to midnight of base day, DELTA:
IfY=E thenDI =D
If Y # E determine if Y is a leap year
X = Y modulo 4
IfY#Eand X =0 DI =D - 366
IfFY#Eand X#0 DI -D - 365

DELTA = DI - DE in days



4. Compute the base hour sngle, HHA, (redians).

BHA = 2/3.0 + W, DELTA

where

W, = 1.72021795616005k x 1072

Evaluation at Each Integration Step
Each integruiion step is evaluated as follows:
1. Input hours from base midnight, H, and base hour angle, HHiA.
2. Compute hour sngle

HA = BHA + W2 H, modulo 2x

W, = 2.625161452800495 x 107t (rad/nr)



TABLE |.- BEGINNING OF THE NEAREST BESSELIAN YEAR

1,24520199 LAy FRCM VAN 5, 1960
,OR74G6(Z LAYS FRCY LAN 3, 1941
829686966 LAYS FRCM AN 0., 1962

1,07188284 LAYS gRCM JAN 2. 1963

1.31407762 LAYS FRCM LAN 5. 1964
LEE62713% LavysS FRCM JAN O, 1965
76846469 LAYS KRG AN . 1966

1.04065858 LAYS FRCF UAN 4. 1967

1.282852C2 LAYS FRCY JAN 61, 1968
.572504%4z LAYS gRCVM AN i, 1969
7673875 LAYS FRCM AN g, 197

1.00942166 LAYS FROM CAMN . 1971

1.25162817 LAYS gRCM LAN Q. 1972
.49381825 LAYS FRCM (AN . 1973
73601126 LAYS FRCM JAN ), 1974
.9782C419 LAYS FRCY LAN 1, 1975

1.22039704 LAYS FRCM JAN g, 1976
.4625898Z2 LAYS FRCY UAN 0, 1977
70478251 LAYS gRCM LAN.C, 1978
,94697513 LAYS FROM UAN 5, 1979
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TABLE Il.- SUBROUTINE HANGLE

SUSROUTINE HANGLE (EeYeDe3HAsHeHANI)
HANSLE COMPUTZS THT HOUR ANGLE (RAD) TROV THE MEAN
EQJINIX AT THE BEGINNING OF THE NEAREST 3FESSELIAN
YZAR TO GREENWICH

€ TPOTH YEAR
Y YZAR
) JAY
84A -+0UR ANGLE AT MIDNIGHT OF INITIALIZATION DAY
H 40URS FROM VIDNIGHT OF INITIALIZATION DAYy
Ha HOUR ANGLE OF GREENWICH AT H
1 22RO FOR INITIACTZATION » ONE AFTER -
JOUZLZ PRECZISION 3HAWDELTA»W1eW2eHASPI2)HeXNsCr34A»TeDES YRS
JATA W1/1.7202179%541600340=2/
1 W2/2.62515145280049520~1/»
2 A/0.0929D0/,
3 3/8040184,54200/7
4 P12/6.2831353071795855D0/ P s
IF (I.c@.1) 30 TO 1u
YRS = E =1900.
IINS(Z=1901.)/4.

XN=IIN
o = =86400.0000% YRS =74.154000
F = -2.0000 = C-7 tws «DSART (B = 4,0D00=2 *C })

T IS THE SOLUTION TO NEWCOWB'S ZQN, FOR THE 3EGINNING OF

THE SESSELTAN YEZAR IN JULIAN CENTURIES = EXP, SUP, EPH P,.30,73
DJE = 36525.0000% T - 365.0D00% YRS =XN +.5D00

DE (S JULIAN CENTURIES —~CONVERTED— TO —Da¥S - TROM -JAN 0.0

X = AMOD (Yo k,)

i =3 L mta o cmmetar—— o e oam e m - ——— e
IF(Y.NE.E.A“D.X.EQ-Q.)3130-36600000
IF(YJNEEAND X NE. 0, ) II=D=36%,0000

JeLTAa = DI-DOE e

8HA = PI2/3.6000 + W1 = DJELTA

HA M0D (B4A + W2 = o o PI2) _  .__

RETURN
END
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TABLE Ill.- CHECKOUT DATA FOR SUBROUTINE HANGLE

Year

1967

1661
1967
1957
1% 7
1967
1567
1667
1667
1567

1967

1667
i9s ¥
1957
1647
1067
1967
1667
1967
19A7
1967
19567

1%e7

1567
1967
1667
1967
1967
1c87
1967
1587
1967

1967

1967
1e8T
1567

1887

1967

Day
151
12
153
154
1::
156
157
158
169

Hour

(a) Epoch 1968

' }
]

1
r
b
l
I

. . [
DOV OONOMOODIODOD SOOI DO,

Hour angle, deg

-6.1121856424CD 03

-2.11115981170 03
-0.1102141564D C3
-0.1092285871D_03

T -0.1742425748D )3

=f,12725736250 13

"-9.10627175020 03

-0.10529613300 03
-0.10430C5257% 02
-1,1C37149134D_C3
-0.12232930119 03
~0.17134268£80 02
-0.13035807650 03
-0,99372464240 02
-n.983p6851650 02
-0.9740123967D 02

-0.9641562738D 0?

-(.9543001510D 02
-N.9%444440281D0 02
-0.93458790520 02
~0.92¢73178240 02
-0.9148756565N

RICH
177
178

17e

18¢
-
162
BLEN
1£4
BLLE
184
Ry
188

o

o Jo oo 200 no

. 9056191337“65“““”"

-0.89516341380 07

" -0.,AR83CT29090 02

-0.87545116810 922

SC.B655350453D 02

-C.85573892230 02

20.845882799%0 027 T 77

-0.82460266764D 02

T =0.82617C5538D 02

-C.B81631443C9D 02

-0.80645830800 02~ T

-0.7966021852D 02

=0.786748C&230 07

-0.7768899395D 02

0
Q
c

=0.767C338166D 02

~0.7571776937D 02

Epoch
1368
1968
1968
1968
1948
1964
19438
1358
1968
1948
1768
196R
1648
1963
1968
1948
1968
19A8
1968 °
1749
1968
1968
19587
1968
1968
1948
1964
1963
1968
1968
1948
1568
1958
1968

1968

1968

1968 T

1968



TABLE Ill.- CHECKOUT DATA FOR SUBROUTINE HANGLE -~ Continued

Year Day Hour Hour angle, deg Epoch
1957 i fs N -r,74273215709D €2 117438
1967 16¢ 0 -0, 737146544R0D 02 1968
1967 "T81° 70 ~0.,7276683281D ¢2 1968
1367 162 n ~C 71775320230 92 1as8
1947 163 ¢ ~0.7C786707940 02 1963
1967 154 r ~C hIENGNYSEED D2 1968
1957 1¢% c -0.68A184R337D (2 1968
1667 164 n -0.57832571080 €2 1948
1967 17 0 ~0.C684725R3CH 02 ° o7 1968
1567 168 ) -0.658616465]n (2 19548
1647 199" 0 =N 4RTHT2423D 02 1948
1567 2CC ) -0.%3890421940 02 1948
1967 201 n “N.E29C4RLGE8N 02 19458
1967 n» I -N.61919167370 C2 1968
1967 2c3 0 ~N.60933€85C8eD 02 1948
1967 204 ) ~C 59547972790 0?2 1748
1667 2Cs 0] ~C.58962260510 02 19468
1967 2Ch 0 -0.57976748220 0> 19568
167 2C7 0 ~0.506991135%54D 22 1968
16567 2CHR 0 ~0.5600552345D 712 1968
137 200" 07 -0.55C1381136H 202 ‘1968
1967 211 c -0.5403426908D 02 1968
1667 211 ) T =0.83%48€067S0 ¢ 1948
1667 212 c -C.520£307451D 02 1968
19¢7 217 ¢ ~0.5107746222N 52 1968
1967 214 0 ~0.5006184993D C2 1968
16T 215 ¢ 7 7 -C.64910623765D 02 1968°
1967 216 ¢ -0.,48120£2535D 02 1968
tae? 217 ¢ ~0.47135013C7> 02 1968
1667 218 C ~0.,4614940C790 N2 1968
1667 27§ & -0.4516378885CH 07 T 1968
1967 220 0 -0,44178176220 €2 1968
16617 TTIYT OTTT T T U SDWEIT9ZSEWM O T ¢ T Y98
1967 222 o} ~0,4220665164D 02 1968
1967 2?23 0 T 204122173940 D2 [96R"
1967 224 o ~0.4023572707h 02 1968
1967 225 T =N.39250114780°T2 77 T 7 "13%8
1967 226 c ~-0.3826450250D €2 1969
167 227 T TEPLINZTIRER02107 T2 T T RELY:
1967 228 Q ~Ne26263277930 3?2 1768



TABLE lll,~- CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued

Year
1547
1467
1667
1567

17e7

1967
18967
1667
1667
1567
1547
19¢7
1947
1667
1567
167
1947
1867
1n87
1¢67
1667
1667
1567
1967
1647
1867

1967

1967
1687
1667

1987 -

1947
1567

1967

1967
1967
1967
15¢7
1567
1967

Day
228
23n
231
232

771

234
235
23
237
238
235
247
241
247
243
244
24°%
24¢
247
248
249
254
2%t
252
2¢€1
284
?¢F
254
757
288

259"

26C
261

2€2

2€3
2¢4
26¢

L 269,
261

768

DODHOOO HOANON.ITHIHIIIAIOADNIDIICANNOGHIUIAIGANAG X

our

o0,

Hour angle, deg Epoch
~C.35207¢6€6524D 02 " "IM6R
-£.36122G5335D ) 1968
-0.23226441070 02 15968
-0.32357826780 0? 1968
-0.313EE214%5TD 02 T 1S%8 -
-N.32379504210 02 1968
~0.29363G60192D Q7 1948
-0.284083756€40 07 1969
-0.2742276735D 02 1968
-0.2A4371552¢D Q2 1968
~-N,2545154278N 02 1%68
-0.2464£59304GD )2 1948
-2.234RN318721D 62 1958
-0,2249470592N 1 1968
-3.21599093F30 02 1948
-0.205274813%D 52 1968
-N.19527R6906D D2 i 1958~
-0.145527266780 02 1968
-0.1756554649D 07" - 1968
-0.16581¢32200 ©2 1968
-7.1555541997n 02~ 1968
-3.16460980743D 02 1968

© =0.1362419%347 N2 1958
-C.12638583060 )2 1948
-C.11E%297CTTD C2 1558
-N, 10667358490 02 1969
-N.S6B172627TCN J1° 1968
-0eB6I¢133914D J1 1948
~3.TTI0521€628D 01~ 196%
-0.6724909347D 01} 1968
-08T3IS29T088D Y1 "t t "1988
~0.4753¢€847690 01 . e, 1968
-N3768072483D 0} 1768
-0.27824601¢70 0L . . 1963
-3.17968473110 01 1968
-0.81123562470 00 __ 1968 ____

C.17437666140 00 1968
...0.1156988948D O1 _ __ __ =~ 1968

0.2145601234D 01 1968

0031312125200 Ol 1968
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TABLE Ill.- CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued

Year

1647
1667
1847
1947
1767
1647
16467
1067
1967
19¢ 7
1847
1967
1967
1c41
14467
1667
1867
1667

1967

1¢£7

1967

19¢7
1967
1667
1567
1947
1647
16¢7
1967
1967
1567
1967
1667
1667
ise7
19¢7
1967
19¢7
1967
1667

Day

266G

27¢
2m
2712
211
Fl4
215
2T¢

271

273
279
728G

201

2a?

293

2¢t4
285
28¢

a3

2¢8

28¢

26n
2¢1
252

263

794
2¢s
254
<
298
260

1

cy

3102
"3¢3
304
"53¢5
3Ck

207"

(8

ODO(JO OO IONO DfC)n')ﬁ MO IDNO O:O DD IOMD NIV

Hour

3

|
|

Hour angle, deg

N,41168258060D
7.5102438C929
C.60RARDENITAD
V. 707 €62¢€45)
1.80562746€1D
Ne9NHGRATI 3TN

2.10730496520

011016111810
0.120C17241CN
0.1297733¢€38D
2.1497294867D
0.1435856365D
N 15944173240
€.159297R€53D

£.1761539781D

C.17G65101910D
0.19¢8£62238)
7.20R7223467D
C.22B4245924D
0.23329C71513D
0.26814583620D
0,258002941CN
0.26785G60R3GD
0.2777152067D
NJ2RT511326€D
0.29742745250D
0.30728357153W)

Je3171396582D

0.32699582100
0.336£519439D
0.3467080 6680
Ve356564189€D
0.36642031250D
0.3762764354h0
N.3Re132°502D

" 0.3355886311D

0440584480360
0.4157009268D
0.4255570497D

o1

n

o)
a1
c!
02
Cc?
n?
c2
02
0?2
c2
02
02
n?
0?
02

¢?

02
02
02
C'l
02

02

22
02
02
cz2
02

02

2

0z’

c2

03"

c2
02
02
02
02

Epoch
1948
1968
1968
19«3
17+8
1948
19413
19a2
1968
1969
1964
1753
1958
1968
1948
1948
1948
1948
1968
19+8
1968
19+/8
1948
1768
1968
1968
1948
1968
1968
1968
1958
1968
1968
1968
1968
1948
1368 -
1968
196R
1968
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TABLE ll.- CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued

Year
1<67
1957
1947
1747
1767
1667
17¢7
19«7
1347
1947
16,7
16547
1¢47
1ie7
15+7
1¢67”
1967
1%¢7
1ce7
15«7
1067
19«7
1667
1947
1067
127
19¢7
19«7
1367
1607
1647
1967
1847
1<67
1647
1667
1947
1967
“1%67
19¢7

Day
are
11"
RR B
217
‘:]‘2
11&
315
21é
217
118
216
2c
21
’l?‘)
221
224
1925
22+
227
17'.)
12¢
2r
231
272"
133
334
238
3%
237
ray
21139
340
34T
342
2413
EY/YN
245
Jas-

‘47

348

Hour

QdO()QG-ﬂx'JOC)OOOOl)LﬁGQU-Q-')C')f'- DD 0 QDN JDWD DD

Hour angle, deg

N.4354131172%0
N.6452692954D
N 43512841820
V,4445R154]1 1)
D e4T4837r640N
D 4R4ESITRARN
2 40454300C 7))
N 616440403260
r 51426215540
n.52411827813D
0.53319744011N
0454382052400
Y. ERIAREE 446D
N ,.5¢ 354276STN
F.S7T33I83924D
N.H5R1255(1540
(5721111380
JoRC29/72€12D
Ne612E223F 401
N e2267155069N
DJET2538£2G0D
N hk622G]1 745260
Det22241375860D
J466216766%3D
0.,57196012120
N.6H18152641D
Ne0916723668D
J+T2152844G480
0.71137246126D
ULT2124017358N
N.72109¢2584N
r.7409529R120
N.7878C9104 1IN
C. 75064522720
0.77052134580
C.78037764727)
0.7T902335985)
0.8000897184D

T 0.8099458%413D

0.81680196410

J2
n?
G2
na
37
92
Q7

i

02
22
2

)
o

o W
ny
8>

n
...!,

n2
n?

92
0>

-
x4

22
02
02

[a)]
P

0?2
0?2
g?
n>
) e
n?
27
"2
c?
n?
02

~
v

0?

0?2

N>

Epoch

19568
1968
1944
1941
19692
19413
1¢64
1363
1949
19362
1968
1968
1964
1944
1943
1963
16618
196R
1743
17683
1942
1QouR
1948
1948
1948
1943
1968
1944
19463
1968
13A8
1968
19448
1968
1968
1968
1958
194638
1968
1968
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TABL.E lll.- CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued

Year

19¢7
1967
1627
1667
16867
1667
167
1667
1967
1567
1567
1667
1567
1667
1767
1967
1557

1668
1642
1648
1563
106%
16¢8
16679
1669
16"
1668
1969
1969

1569

1968
1568
1968
1963
1568
1860
1968
1968
196%

Day

249
350

'):l

152

‘33573

354
2Ees
A&
57
2534
59
240
3¢&1
2e¢?
3¢
2¢ 4

9
14
17
12
13

14

15

.13
17

18
10
29°

28
22

VN PTALD NIV

Hour

(> B No Nele R 1o No Ne Re No No No N i@ N e |

O OINOONOOIN I0VOIHNOISI S

P A

Hour angle, deg Epoch
0.829458N87TCD 02 1948
0.8355142C95D 02 1968
0.R40927033270° 02 1968
0.85922€64556 C? 1958
N.860C0R25784T T2 1768
N.878$387C130 02 1968
0.RABTI48242N C2 1968
r.89R8€65094700 02 196K
0.90R5070696D 02 1948
0.91836319270 02 1968
1.9282193156D 22 196R
0.938075432%0 C2 1968
.9479315613D T2 19¢8
N.95778T6R42D N2 1948
D.9676433CTID 0? 1948
0.57749992960 C? 1968
N.98735¢0528D 02 1948
T.I9T21217560 97 1748
0.1007068258D N3 1958
0.1016924%21D 73 1968
N0.1026780544N 03 1948
0.103€6&385670 03 1958
0.104£4927900 03 1908
0.105¢3289171) 03 1958
N.1066205N36D C3 1968
n.,107Te0£11%590 03 1958
0.1085917281D0 03 1968
0.1995772404m C3 1968
0.11n5629527T) ©3 1968
C.1115%9%8%0D0° 03 -~~~ ~ 1968
0.11223417730 Q3 . _ . __ 1968
0.1135197896D 03 1968
0.1145054 3 1958
C,11549101410 03 1968
0.11647662640 03 1968
0.1174622387D 03 1968
0.11844785100 03 . 19568
0.1194334633D 03 1968

. 0.1204190756D 03 1968
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TABLE 1il.- CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued

Year

1662
1564
1649
1968
19¢49
1948
1568
196°
1969
19638
1668
1968
1€68
1$64
16568
16h8
1968
1968
1968
1968
1968
1948
1c¢9
1558
1969
1568
1668
1968
1968
1568
igee’
1963
1568
19638
{528
1068
BLIY:E
1968
1668
1968

Day

N VN
N P S I ]

2¢
27
23
26
an
T3
22
3‘2
34
T 35
TS
37
38
" 139
4C
Pt
.-4.2
47
44
45
46
%7

ST
58
-z
69
- &r-
€?

Hour

}

ADODDCOOODOODHOOO

u«;or:o:;o}:

jcoo

|

-

]

Hour angle, deg

0.12140468790 03
0.12239030910 03
C.1233759124D 03
0.1243615241N 01
0.12534713760 03

- . 0612633274930 C3

U, 1273183¢€16D 03

. 0.12830397390 03

N.1292895361D 03
C.1302751584D 03
C.12126081727D 03
213224642300 03
0.13323203530 03
C.12642176476D 03

"G.1352c3254990 03 T

0.13618887220 03

C 0.137174484640 03

0.13814CGS670 03

214013132130 03

TTT0.139145709¢0 A3 T T

"0.14111693360 A3 T T

0.16421025659D C3
0.14308815820 03
0.1440737704D 03

‘0.1450593827D 93
0.146044€9500 03
"0.1470306073D C3°
0.14801¢2156D 03

"7 0.149C018319D0 63

0.1499874442D 03

cocoooalovoo

T T T O TRA9I553%6D 0 0 T T T T

n

-

W TOLUISERBRIIVID Oy T T T

n 0.,1578723424D 03
T T T 4.T5EB5TYSATD 03T T
0 0.159843567CD 03

L.1519586687D 03
015294428100 02
0.15392989330 03

«1559011179D 03

T 0.I509730%5640 B3 T T T T

Epoch

1968
19568
1968
1968
1968
1969
19468
1968
19638
1968
1968
1968 _
1368
1968
1968
1968
1968
1948
1968°
1968
1968
1968
1968
1968
1968
1968
1968
1968
1968
1963
(988 "
1968
1988
1948
1948
19638
1968
1968
1388
1968
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TABLE lil.- CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued

Year
16¢n
19¢9
19nn
1GAR
1G+R
1668
1G+#0
1G¢&R
1569
1cen
16¢°
1664
16697
16¢8
1668
1cep
1G& 7
1648
1ehR
16+8a
19619
16614
1949
1567
16617
16¢&92
16+£0
1668
1968
1648
1268
1948

1668

1969

1948~

19+8
1S6fR
16518

1668

lqéﬂ

Day
€3
é4
v
¢
a7
t <
6“
7.‘
71
12
77
74
1%
70
77
7R
76
!
a1
]
€3
Fq
£5
q6
£
a]
29
S
Sl
S2?
<3
Ceq
65
G
c?
cn

" €5

140

Il

102

Hour

1

GQCOAODIDIIDOOIIIDIDOIAINIIIDIIDADIDNDODININULO

?

OGO OIOIO

Hour angle, deg

0.1678291793D
f.1512147916€9
0.1428204039"
C.16378€01620
Celnda?71€295D
N.165757247170D
N 1HETG2RSACN
Ne16TT286£520
fe1h8T160TT6D
() £CE9G6899))
0.1706853022D
£.17167N9145D
FfJ1726545257D
N,173€42139CDH
0.174£277512N
NL,175€133¢€36D
2.1765989759ND
0.1775845882D
5.1785702005D
0.1795558127D
7.1305414250)
0.18152703720
C.1R251264960
1.18349826150
N.1844838742D
N.18545948£5D
0.18845506870
0.18744071100
C.1884263233D
0.189411935¢0D

0.19039754730
0.19138316020 0

Uel1633543847D
0.194339597CH
0.1953256093D
0.198631122T¢D
0.19729¢8239D

0N.199268C5850

ok
03
a3
23
23
C3
23
o3
33
13
n3
c3
23
a3
g3
3
k)
<3
93
03
013
~3
N3
c3
g2
23
923
03
03
03
03

'U}T92368772SU-01

013
03
03

03

03

TUTTT O IOBZB24%€E2 03

c3

- m——— = .

Epoch

19¢8
1368
1968
1968
1968
1968
1968
1968
1344
1968
1943
1963
1948
1968
1968
1949
1968
1968
1968
1968
1968
1668
1948
1968
1368
1968
1549
1968
1968
1968
1963
1968
1938
1968
1968
1968
1948
1968

1988

1968
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TABLE Hi,- CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued

Year Day Hour Hour angle, deg Epoch
v juen b 102 0 6.20725267C8D 93 1968
Y la6R ¢ 104 ¢ 0.201229283¢0 (3 1968
Y 1968 N pt 5 N.2022248953D N3 1968
Y 16648 C 1(+ 0 C.202210°C7sD 03 1969
Y 1668 ™ 1C7 n " DJ294T9E1TISSD O3 1968
Y 1668 C (% G Je2051817322Nn C2 1963
Y 1569 T 109 9 N.20E61673445D 013 1968
Y 1962 T 117 9 N.2171529568N 93 19568
Y 1968 P 111 N C.208T3IR5690N 03 1968
Y 1969 [ 112 9O 0.22912418130 73 1968
Y 1962 T 117 n- .71010975%350 2 1958
Y 196R © 116 0 Lez119554055D 3 1968
Y 1668 T 115 ¢ Z.21208101R2D 53 1968
Y le6g ¢ 116 2 C.213C64€3059 N7 1968
Y 1689 D 117 0 0.2140522428N0 927 1968
Y 16689 ¢ 113 ¢ 2.218C378552D &3 1263
Y 1868 T 119 T ST D.21602734673D C3 1968
Y 1968 C 120 © £.217C09CT7S6D 03 1968
Y 1S52 C 121 © 0.21795469190 03 19A8 -
Y 1568 C 12?7 0 N.218G8030420 23 1968
Y 1S8R T 123 o C.216G5£5915%D 03 1968
Y 1968 It 124 9 0.22095152830 03 1968
Y 19T "12% Y 0.221S37T141C0O 3 1768
192 T 126 0 Ca22262275230 C3 1968
Is6”r T 127 LY N.223S083&5580 €3 - 1968
196~ I' 12R C 0.2248639779D C3 1968
1A € 129 0O~ C.2258795902D 03 1968
19¢8 C 13C 2 0.2268652325D 03 1968
1968 0 131 0 N.22785081480 03 ~ ° 1968
1¢8 7 132 0 0422883542710 03 1968
1988 133 0 N DJ229R2203930003 "~~~ 7 ~ TI8B"
1568 L 134 0 £.2308376516D 03 . 1968
1668 F 135 c 0.2317¢326390 03 1968
1969 0 136 9 0.232778R7520 03 __ _ . 1968
16682 137 0 "0.2337644885D 03 1968
1968 ™ 128 0 _ 0.2347501CCe8n 03 __ 1368
1662 C 136 e 0.2357357131D0 C3 1968
1968 € 140_ O __ = 0.23672132530 03 _ _ = __ . 1968
1968 I 141 0 0.232770693760 03 1968
1568 € 142 2 0.23869254990 03 _ . . . 198

PEEER EX EE I KX E R R
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TABLE Hll.- CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued

Year
1643
1268
1948
16¢9
16449
1068
1669
1969
1661
lckn
1668
1968
1649
19468
1960
196R
1669
lc6R
1968
19692
16468
19448
1662
1568
1968
1668
1668
135R
1949
1568
1649
les8
1969
199
1968
160

199

1964
1967
1948

Day
'4
144
14%
lae
147
148
146
157
151
1¢2
152
154
145
154
157
152
155
160
161
1£2
1¢3
154
1¢%
164
1+~7
168
169
17¢
171
17>

173

174
17¢
176
177
174
179
18C
181
182

Hour

ODOQODINOLMHVOOOVOHNONDITCOOMODOONDIHIUDODIOODODDLOHLOLOILM

Hour angle, deg

0.2396781622D
2.24066371745D
0.241€493248D
0.2426349991D
£.2436206113D
fe2446062236"
N.,24559]18359D
(1,24657744929
1.24T7563C608N
N,24854867230N
0.249%32428510
L.?505198973n
71.2515055066D
N,23249112190
N.253647673420
Ce?2544623465D
0.25544795880
0.2564335711D
(e25741918330
0.258404T795£D
0.2593504C76D
2.26031760202n0
C.261361€6325D
0.26234724480
0.26333285710
0.2543184694D
0.2653040816D
N.2662F956939D
Ce2672753062D
0.2682609185D

N.2692465308D

0427023214310
0.27121778%40
0.27220336760
Ce27321ERGT799N
0.27417459220
0.27516020450
0.27614581680

T0J2TT13142910

0.27811704140

()1
03
03
a3
03
03
03
c3
n3
£3
03
03
03
C3
03
03
03
03
23
c3
C3
n3
c3
23
03
03
03
03
03
03
03
03
[k
03
03
03

03’

03
03
03

Epoch

1968
1964
19¢8
1968
198
1968
1958

1968
1963
1968
1069
1668
19¢8
1958
1763
1968
1948
1968
1968
1968
1963
1968
1948
1968
1968
1968
1968
1968
1968
19+~8

1968°

1968
1348
1969
1964
1968
1968
1968
1968
1968
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TABLE ill.- CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued

Year

1968
1967
1¢de
1962
1564
194¢
1648
16648
14£8
1648
1946R
1668
196R
1968

1668 7

1968
19414

Day
182
164
1EC
1e¢
187
189
189
16C

161

192
1¢2
154
165
164

197°

150

ree

Hour

O~3<Ji)C>C<7;3:{o DIAIDINNOQO

Hour angle, deg

0.2791026536D
3,2800R492659N
0.281017387820
N428295949C5D
£ .2830481128"
0+28403071510
G.2R85C163274D
r.28601719396N

C 0.2069€75518D

0.28791731€420
0.28855877¢65D
0.2899443388D
0.2906300011D
N.291€1561340
029290122570
0.292386837SD
0.29481245020

02
23
03
a3
03
c3
23
n3
C3
03
03
03
c3
03
13
03
03

Epoch

1968
1368
1948
1963
1568
1968
194693
1968
1948
1769
1968
1968
1968
19¢8
1959
1968
1948
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TABLE ill.- CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued
(b) Epoch 1969

Year Day Hour Hour angle, deg Epoch
19¢¢€ 151 ) ~Cell24c4122cu U3 1969
13¢8 152 J -Cel1143652050 03 1569
15¢¢ 153 4 -Cel134525C820 3 1969
1968 1a6¢ 3 -04105462255%0 03 . 1965
15¢6¢ 155 ¢ -Je1CECELEEZED 03 1659
196¢& 150 J -04137456C713D 03 1969
15¢€¢ is7 92 -D410€51C45SCD 03 1969
15cE6 158 & ~0el105524t4670 03 1909
16¢¢ 156 ! -Ce 15452623450 03 196%
19¢&E€ locg J -0e103853£2220.04.. . .. 1969 .
15¢¢ 161 3 -0.1C25€8CCS5SD 23 1966
1i68 142 ) -ws1216E23576D 03 .. 19¢9
16¢¢ 162 : -CelOCESE1E53D 03 1509
1562 164 ¢ ~£eG9611173C3D 22 1969
15¢é 165 7 -Ce9E€2556CT5D 02 1969
16562. lee o . 0697626848460 02 .. _. ... 1969
166¢€ 167 ¢ -Ce 96654336170 02 1569
166 168 2 -(e956€6E7228SD D2 . . 1969
1568 169 J -Ne946E31116CD 02 1969
1G&E 17C 3 ~LaG3cS745S32D 02 . 1969
19668 171 3 ~Le921711887J33D 02 1969
196 .1712 e} .~0a31726214740 02... . .. .... .1969.
19¢&¢ 173 J -CeG374CE624060 02 1969
1S¢€E 174 a -Ca.89755C5C11ID 22 19469. ..
15¢8 175 o ~-0.887€543785D 02 1969
1G6E 176 3 -Js8T7E238256GD Q2. ... 1969
1Gé¢ 177 3 ~0e 86768213310 02 1969
16hE . 178 Qo . .. =Le88E1260103D0. 02 ... . ... .1969.
156¢ 17¢ ~0eB84E2658874D 92 1969
15¢E 18¢C .. . ~(at3B4137645D 02 1969
1G¢&E 181 9 -0 82855764170 02 1969
19¢&E ldz d -0e.818iCl51880.02.. _..... . 1969 _
19&¢ 183 0 -Ce8J8E453G0CD 02 1969
19¢ée 184 Q. . ... ..=Lal9BSA8927310 02... ... ... 1969 .
16¢€¢ 185 ] -Ue 789133150820 02 1969
1668 186 .2 .. .. -Ca119277C2T50 02 ... . _ . __.. 1969 .
15¢68 187 3 -0.76642C5C450 02 1969
19¢é¢ 188 O .. - ~0s79656418110.02.. _ .. ... 1969 . _
1566 189 0 ~Ce 745 7CE6S588D 02 1969
1688, 190 0 ..m. -Ca235€525329S0. Q2 . _ . .. .1969..
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TABLE Ill.- CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued

Year

1G6¢
19¢€¢
19¢¢
15¢¢&
16¢6¢
15¢c¢
16¢ &
156¢
16¢é¢
156t
1G¢¢
19¢€¢
1668
15¢¢
19¢¢€
16¢ét
156¢
15¢€E
1G6¢
196¢
156¢€
1G6¢6¢
1G¢€E€
16¢¢
156¢
16¢8
196¢€
19¢8
156¢
1568
19¢E
1568
156¢
1G¢E€
158668
16¢8
166¢
1G¢E
166¢
15¢¢

Day

191
162
193
194
155
190
1917
198
199
édu
291
2oz
233
204
255
eco
2017
208
20y
2l .
Z11
élé
213
214

els

2l

el?
21t
2l
22¢
221
c22
223
224
225
22¢
221
228
22y
23c

Hour

[N W NN & N U WP G & I o

CUVLERPUVODUODLCUUULLUULNOU LD LDLDLUUOCLTC

Hour angle, deg

~Ce 12556641310
=Je 712C14C26C2D
=e171Gc841673D
=Ze 1204204450
=Ce695CETLIG21D
=Je0ECT1575800D
-Ce67CEDS5617550
~2e061CC353300D
~Ce05114742C20
~Ce€41¢513C72D
~0esb3143518450
~C.0215175C€160
~Cenl172253870
~JebllE6681550
~Ce252L1C663CY
~Cab8215457C10
~Ce572£5844730
~0e0b62442132440
~Ce55288€2(1€D
~Cen427730C078]70C
~Jeb32E73555¢ED
~Ce523(017833CD
~Je>1316171C1D
~245332(5581730
=Ce4934494644D
~Ce4835G354]15D
~Co41373721E7D
~J0e463t81C9580
~0e454C245172S0
~0a444168¢50Q1D
~0e434212172720
~Ce4244506C04D
~0e4l4€CC4815D
~0e 47474433860
~Je 3G4LEE2358U

=J+325(€3211250

~(e37517555000
-Ce3€6521%E€€720
=Ce 35546374430
-0s34360762350

02
P2
Q2
02
02
02
C2
52
32
02
02
Q2
02
22
22

.02

02
G2.
02

02¢

02
02
02
22
Q2
Q2
02
02 .
02
0
02
d¢
Q2
02
02

9¢ - -

02
c2
02
02

Epoch
1969
1969
1969
1969
1969

1569

1969
1966
1969
1969
1969
1969
1969
1969
1969
1669
1969
1969
1569
1969
1969
1969
1966
1969
1969
1969
1969
1969
1969
1969
1969
1969
1969
1969
196Y

1909 |

1969
1969
1969
1969
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TABLE Iil.- CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued

Year

166¢E
16¢4¢
16¢¢€
19¢8
195¢&¢
1GEE
15¢¢
liée
16¢¢
1G6¢E
19¢ €
i9¢er
1G¢ée
19¢&¢
15¢6¢
1G66¢
16¢cé€
16¢6¢
l3¢¢
1G¢¢E
16¢8
15¢6¢E
19¢¢
196¢
1%¢¢
15¢¢8
19¢¢E
1G¢EE
19¢F

1G6¢¢
16¢€¢
15¢€¢
19¢E
16€¢E
1G6¢e¢
19¢éc
l15¢8
15668
166¢€
156¢&

Day
231
23¢
233
234
235
236
2317
é3k
239
2%t
41
24¢
24 32
244
245
24t
241
248
249
25(
és51
252
252
254
2hHYH
256
é57
250
5%
645
261

- 2b¢

26 3
b
265
266
267

rLY-

269
21°

Vour

R IPERAIES NI & IV RGN W I W R

S e U G

N < I W % WY BN W)

o Iy )

(SR WY ¢ NN FINS RPN E N &

Hour angle, deg

- 1433575145860 02
~Ced25€553157D 02
~3631€€3525250 02
~Ce30E1£313CCH 02
-0,26€6227CC72) 02
~lel&t4TCEE43L 02
~Ce2Tc€l47€140 T2
~0e 2015662860 2
-0, 2565C251570 02
~Ce24 104635230 02
~Le23715C27CC0 92
-N,2212341411D 52
~74217476C2430 €2
=562 1€216CL40 C2
~Ce157116577850 02
~2e18750965570 02
~00176(5353280 02
~7el06E167410C0 02
~5el5d2412€6710 52
~Uel484851€425 02
~3e13€€625C414D 32
~3, 12817251850 52
~LeLLECIETS56D 02
~30136(6067280 22
~06992(454$52D 01
~5e89348427Ccu J1

~0.754€23342CD 01

~2e596361€1340 D1
~04557€CC58480 01
~Je45523535620 Ol
~2¢4)0ETH12T50 C1
~e 30211686853 01}
-3.2)3555617C30 01

~0e)lkSS444170 21 .

~11e6432213C850-01
Le9214c8L15530 CC
Je 16588524410 J1

Se28605C0EN. 0L .

ve3d7EL17C14D 01
Coe4 8627263000 01

Epoch

1969
1969
19¢9
1969
1669
1969
1969
196y
166+
19644
1969
1669
1966
1969
1569
1969
1969
1969
196¢%
1969
1969
1969
1969
1669
196y
1969
1969
1969
1969

1609
1969
1969
1969
1969
1969
1966
1969

1969 .

1569
1969
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TABLE Ill.- CHECKOUT DATA FOR SUBROUTINE HANGLE ~ Continued

Year Day Hour Hour angle, deg Epoch
l9ég 271 O Ge584S3415¢dcu Il 196y
1568 272 1 0668345538720 01 1969
15¢¢ 273 ) CeT82C50661580 01 1909
1568 27« O De88061784450 Ol 1969 .
1G6¢¢€ z15 J Ce976176C17310 C1 1966
1G6¢E 27¢ J Coel0777423C2D 32 19064
19¢6¢ FaN J Cell€3C15300 02 196y
1GEE 214 3 Uel27486215690 02 1969
16¢¢ 276 3 Je1372423638D 22 ives
156c 280 D Cel®w116852l6u 22 . 1969
16e¢  zdl 9 0e 15705454450 02 1969
1G6E 282 O Deib6SLCTET3D 02 . 1969
16¢€E £8l o CelT67668%22D 2 1969
l6ee 284 3 DelEEE23C1310 22 199
1s¢e 285 Te156479135%0 02 196y
1668 286 I ... . . Qe20623525880 .02 1569
19¢e¢ 287 9 De2l&lS136l€ED 02 1969
196 288 2 Ja226C4175Ca50 22 1959
1s6g 23¢9 De235¢C36274D N2 1909
196 29C 2 Ca24%1756175C20 02 1509
196 2931 ) Je255¢1581731D0 02 19¢9
1G£8 292. L. . 0a26547149%220 02 1909
156E€ 293 < Je27522811880 22 19069
1666 294 . Je2E51E424112D 02 1969
156 29% = 24295C4C3€645D 22 1909
1666  2%5¢ 0a3C4 ES048BT4D T2 1969
1668 297 9 £e31475261030 02 1969
1G6E. 298 3 . Da324£CHT3310 22 1569
16¢E 296 o Ce334464856CD 02 1969
166t 30¢ 2 Qs3442205718¢ED 02 1909
166 1 2 Ne3541771CL7D 02 1969
196¢ 22 2 0e364(3322460 32 1969
1666 202 0 0e373EEG3474D J2 1969
1968 304 2 De3c45745417C30 G2 - 1969
1568 3 ) 0e264£C156320 02 1965
19¢E 206 D . Ce9d3457716Ca 02 1969
195¢¢& 307 Q Ce4l3213838S0 132 1969
196E 224 2 0242316694170 Q2 - 1969
19¢¢ 219 5 0s433C26CE46D D2 196y
s Da4492£R22C150 Q2 - . 1969.

labe. 2lC.
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TABLE Hi.- CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued

Year

16¢€¢
13¢E
16¢8
1G¢E
16¢¢€
ls6R
166t
1G¢E
1G¢E
15¢¢€
15¢€E
15¢e
16¢¢&
1G6¢€¢&
19¢6¢
1G6¢E
l196¢
15¢€8
16¢¢
16¢¢E
1G¢€
156¢
166¢
19¢éE
16¢¢E
1568
1G¢E
iv¢€é
1G¢E
15¢¢
1GEE
iveE
15¢¢8
196¢
156t
1GEE
1G¢E€
1G¢¢E
19¢¢8

19¢¢ .

Day
211
212
212
3l4
21¢
2le.
317
218
319
22
321
az2
23
24
125
226
227
223
25
33¢C
23]
232
133
334
235
236
237
238
i3¢
ETIN
4]
342
393
344
345
kLY
47
248
%Y
25¢

Hour

PO URNCO LU L B LLBGUE LOCOLGDCLLUCL OOl OOLLO

Hour angle, deg
lew3c 382330 022
e46259445320 32
Je@7245C576CL J2
Ce4d2ilECLSYSU 22
Lab%21€62E21ED0 D2

ce2.2C189446D0 22 . .

Je511E75CET5D G2
F252113119u4D 2
e931¢e731320 02
Ceb4lb43432610 32
Cea5216S55%050 02
Je26l1086GELED w¢
C.571C118¢c470 G2
LeH8CECTS2T20 D2
Je93C724C5354) 02
De0CCEBCLiT3cD 02
fetlC4&3el5610 C2

Ca62729241522 02 ..

Ce03C14E>4l50 02
Co04C (L4004 1D 02
Cet4StoC787¢Dh 02
ve05571651C4D Q2
Ve 66657332330 Q2

. De 67542515610 _02. .

(e ©8GZ285279CD 02
Ce6551414C1%0 Q2
0., 70855752470 02
ve T18LE5364760 Q2
Co 72817(S717C40 02
Coe 73t £65£9330 G2
De 14 £8422C16¢D 02
Ja15E27&132GC0 02
CeTEEI342¢CL5U 02
Je 77755032480 Q2
Ce T1E7E465CT70D J¢
A-2321€2630%0 22
~e 82755872330 02

CeblT741487620 22

0.827217055310 G2
0083712712150 02

Epoch

1969
1969
1969
1969
1969
1969
1969
1903
1966
1969
1969
19¢3
1969
lvo09
19¢3
1969
1569
1969
1969
195y
1669
1969
1909
1969
1966
1969
1964
1969
1969
1909 |
1969
190y
1969
1969
1949

1969

1969
1963
1969

. 1969
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TABLE Iil.- CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued

Year

19¢E€
19¢€t
l15ce
1€t
19¢F
1G¢¢
19¢€c
15¢et
16¢¢t
19¢¢c
1%%¢
196c¢
19%¢
1968
15¢¢
1G6¢¢

1966
16¢€¢
19¢6
16¢e¢
1566
15¢S
16¢¢
16€€
19¢¢
1-€S
19¢¢
19¢&¢

166§
16¢¢
166S
19¢é5S
16¢€%
| T
1666
16¢S
1956¢
19¢€¢
19¢€6

Hour

I

(SR

[N SN SERVE SEWN JENE SO I I I G SN

Hour angle, deg

TeBes Cu3l4aatii
L EYELETY W)
e 206C 245750
Terl€Culélsas
Gedr:54CT130c¢V
Ted3tc€3EES]1D
ceFLEllbnE2l"
Se712<€7€1Cotn
Ce92Ht3222110
Ce735€883535N
e 7495444 T340
16993540996 40
Je3E22501l131D)
Te9T5112¢842 0
e 984250490
-eI54 82526115

Te1)3466812110
1e1214537232i;
2013243934560
1013342455790
Ceila4lib7320
2eil52661825)
Yel36281754¢E)
Te1)72674CT71D
Coel>d29221530
leisS23ku2l0D
Celll22642435)
2e1113CS55020

vell229546450
Jell3scELlCECED
Velléc6obS3lL
"elln£522C530
CellEcld?s1l06v
Telll223525650
Jell82C514240
Cs 115154175450
~el2C1l8L563850D
Ze1211€551810
012215155140

L I ]
v B NN

D DOV D
N PPN NG

N
N

[ NS

J2
vl
Je

03

d3
N2

- -

L3
03
23
03
G3
03

-
32

03
03
a3
03
g3

~
-

03
C3
93
93
93

J2

03

Epoch

1909
1967
ivyes
1907
1y6S
1969
1A
lvo .
160
196 ¢
156 4
145 3
190¢€
1969
109
195y

1909
1y¢9
199
19094
1969
1969
1967
1963
156
i%69
1969
1969
lvey
1965
190y
19¢9
1969
19¢5
1965
1969
1963
1909
19698
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TABLE 11l.- CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued

Year

19¢S
1G€5
13¢€¢
1865
1566
1566
19¢€S
1966
1566
1966
1966
19¢c
19¢&¢
1S6S
19¢S
18&S.
156S
19£S
19¢S
196¢
16¢€¢
18£S
19¢€5
1G£¢
15€6
19¢&6
19¢€$
156S.
1G€S
1966
19¢¢
19£6
16¢€6
19£S.
16€S
196S..
15¢S
A96S
19€S
1868

Day Hour Hour angle, deg Epoch
24 J Cel231372<360 03 1969
25 s Sell6l228l560 03. 1969
26 3 O0.1251CE4282D0 03 1969
L. e i~ JelEHLG4LAQ50- 03 - 1969
268 J 2412707665280 2123 1969
- 28 < . Cel28C06852£510 03 . .. .1969
3¢ 2 0e129C5C87740 O3 1969
31 O CelZCL3e64£S4D 03 . 1969
3z o Cel131(221Cl9D 03 1969
33 Q21320023020 33 . . 1969
34 J Cel32€9332650 03 1969
35. =2 ... Oall33c€2E9288D .03 = _1969.
36 D Jel34¢€6455110 92 1969
231, A e - L£al135¢5ClA3eD G3 - .. 1969
38 O Cel30$3571756D 03 1369
—3%. Q. . .. D0.132¢2}13P07S2 03 . __ ____ 1969
4 9 0e138€C7CCu20 G3 1969
41 o 3«136ES261258D 03 . ~ 1969 ..
42 2 Je l4GCETE224ED 03 1969
43 12 O.141£6383710 €3 _ . __ __ 1969 .
44 p} 04142E454454D 03 1969
—45 . L. ___ Del43E35CEIL6D 03 0 1969
46 9 Cela48E2C6739D C3 1969
.e7. - 0.145ECHgB620 03 - 1969 .
46 0414675153850 03 1966
4G o B 0.147177751CH0 03, e . 1969
SC 0 0,1487631231D 03 1969
51 A o _L.l4S176873340 03 . _1969
54 J N¢15)7343477D 23 1969
83 L21517119859%0 23 _ 1969
S4 2 D.15270557220 03 1969
A5, 4 0a1536€9118450 03 2 . 1969
56 G C.154¢€767568D0 03 1969
57 2 Na155€6240510 Q3 - 1969
58 o] Cel5¢€4EC214D 03 1969
288 . 2. . 0.151£336337D 03 .. _ . __ _1569
6C 0 Oel158¢€162456D 03 1969
61 Q2 = Cll9S5€C48582D0 03 =~~~ ==~ 0 1969
62 9 Ce16C56C47.50 03 1969
63 0O D.161576CE280 013 1969
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TABLE lll.- CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued

Year

1G€¢
13¢5
19€S
19¢€S
165¢¢
156S.
1965
1665
15¢€S
19¢9
1966
196&S.
16¢€6
19¢5
1646
196S
15¢€6
19¢6
1966
1665 .
19¢6
196¢
19¢€S
19¢€s
19¢6
15695
1966
19£6.
1966
1S9€S.
166S
1969S
196¢
1966
196S
1369
1969
1569
196S
1969

Day

64
65

ot

61.

68

. b9,

7C
71
72
73
T4
15
T¢€

17.

78
19
8c

. 81

82

63

B«
85
86

81

88

.89,

9¢

.91

92
-23
94

93,

96
7
96
S
12¢C

191

102

103

boowoobvoceno

ICBOBLORCLLLIVILVE O WL

LJLJFJCJL)sz

O‘JFJQ
H

X
[=]
€

»
3
4
i

}
I

[}
f

. CalQ248S915690 92 _ .

Hour angle, deg

De16256165510 03
Celt622473(74D Q3
0el04£325197D O3
Cel£551E53160 03
Del6ECCH1442D 03

oy T

Q3

Uel0B84753€88D
CeloS46C52l1D
Je17C44655340
0e1714322€51D
Jel224178175D
Je1134L342020
Jel1742E6C425D
Qe1752746548D
Cel7626C2671D
0a1717245817%4D 03, .
Cel 7833146170 03
0.1792171C400 Q3. . ..
Cel&C3C271620 G3
Qeltlcae3d28sDd Q3 _ . _ .
Cel8227394CED 03
<eal8325955310 .03 _ _. _ _.
Vel 2424516540 03
dealdl&523ul711D 03  _ _ __ ..
0+1862163S0CD 03
0.1872Q2€C220 03 _
0.18818761450 03

Ja 185173226680 03 . . - -
Cel521533291D0 03
Qalbllé445140 Q3 = __ __
J¢19213CC637D 03
Cel%2115676C0 03 _ __  _ _
0e1941C128820 03
-Cal195€865CC50 03 . .
0el506(7c5128C 03

——

..GedS1C5812510 C3 . __

Ge158C437374D 03
-00165C2634570.03 _.
0420G{14562C0 03
2201CCC5742D0 03  _.

Epoch

1969
1965
19066
1969
1909
1965_ .
1569
1969
1969
1969
1969

1969 _.

1969
1969
1909
1969
196y

. 19649

1969

1969,

1969
1969 .
1969
199 _.
1969
1969 _.
1969
1969 .
1969
1965 ..
1969
1969
1969
1969
1969
1964
1969
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TABLE lll.- CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued

Year

1965
A969
1565

196¢
1565
1969 .
196¢
1965,
166¢
19¢$
1566
1966
15€6
1969
1966
1966
1566
1966
1965
1965
15€$
1565
1966
1965
1966
1965 .
1965
1966
1965

1968 -
1566
1865 -
1565
186¢
1566
13468
19¢€S
-7 L0
196¢

Day Hour Hour angle, deg Epoch
104 9 0.201SE618650 03 1969
ACS. G . 0a292°¢7)7588D 03 1969
106 9 Ce20365741110 03 1969
107, 0 . .. Da224543C234D 03 1969
198 2 06205€286357D 03 1969
209 G . . 0#2065914248C0 03 1969
11¢ 0 0420765586020 03 1969
ML Q. Q.208€8547925D0 93 . . 1969
112 0 0.2CSETLCE4BD 03 1969
3. 9 . Call0E5665710 03 _ 1969
114 D 0e2116423C94D 03 1969
115, Q. 221262792070 03 . 1969
116 o 0.,213€13534CD 93 1969
A2 2 0.214199)0463D 93 1969
118 9 0.215784175850 93 1969
119 0 0,21637C37C8D 03 o 1969
12¢ 0 0.2177555831D 03 1969
121 9 0,21817415554D 03 1969
122 0 0.2167272C770 03 1969
123 8 0422C71286820CD 03 1969
124 O 0.221€5643230 03 1969
125 0 0.222684C445D 03 1969
126 0.223€6565680 03 1969
127 0 022465526910 03 1969
128 2 0.225€4CEEL4D 03 1969
126 0 _0,226€2645370 03 1969
13¢ O 0,227€12106CD 03 1969
131 o0 0,22€5577183D0 03 1969
132 0 0.22658333C5D 03 1969
133 B 0+23(56854280-03 - 1969 .
134 0 0023155455510 03 1969
A3 0 0.23254506340-03— . 1960
136 9 C.23352577197D 03 1969
137. 0 0,2345113$2CD 03 . 1969 _
138 9 0,235457CC43D0 03 1969
138 0 0,23648261650-03 1969
14Cc O 0.23746822880 03 1969
d4l- O 0.23845384110 03 1969
142 0 " 0423943645340 03 1969
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TABLE Ill.- CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued

Year

19¢S
19¢€S
196§
1G€S
19£S-
19¢S
1665
19¢6S
19¢€S.-
19¢€S
196S.
1566
19¢&6.
1566
196¢
19¢¢
196S..
1965
1G£S
16¢€S
19¢&6
19¢S
1966 .
19¢¢
194S
1665
13¢5
1965
19466
19¢€6
196¢
1966
156¢
19¢€6
19¢6
1966
196¢
196¢
19¢&S

Day

143.
144
145 .
146
el
148
148
15¢C

Hour Hour angle, deg
s S Col4042500570 03

c 0s24141C678C0 03

. Je 24235625030 03

< De2433815C26D0 013

B . L Ded 36151480 23 . .
0 Ce2452531271D0 923

- e De24623473940._03 _

J 024732435170 03

LH_ . 0.248205%64L£D 03 .

9 062492555763D 03

Lo Ll Le25028118860.03
Q 0.2512668C0860 03

L... . QJe29225¢4131D 03 . = .

0 0425323802540 03

D _D.2542236377I10 03 .
23 062552C%25CCD 03

A Dea2861S94E6230. 03

0 Ce25718047460 03

Q.. . . _Qa28B8166C8680 03 .

J Ce25691516%S1D 05

Q Ve26013731140 03

v} 026112262370 03

A 0,2621C853400 03

J 0.263(5414830 03

Lo . Le264(1516CH0 03 = . . —
0 0.265C6537280 03

O _0.266(5CSA51D 03 = __
0 0.267C365574D 03

L. Ra2bBC222C32D 013

J 0.269C07622CD0 03

A 0426959343430 03

0 0.27C€790466D 03

L0 027156465880 Q3 .

0 027255C2711D0 03

L 0.273S3588340 03 @000
9 0027452145570 03

L 0.275¢CT7ICACD 03 —
9 0,276€5272030 03

D L - 027182833240 03 0 .. . ..

Epoch

1969
196%
1966
1969
41969, _ -
1966
1969 _.
1969
1969 .
1969
19469 .
1969
1969 _ .
1969
1969, _ .
1969
1369
1969
1969
1969
1969 _.
1969
A965.
1969
1969 .
1969
1969 _
1969
A969.
1969
1969
1969
1969
1969
1969
1969
1969 .
1969
1969 __
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TABLE lil,- CHECKOUT DATA FOR SUBROUTINE HANGLE - Concluded

Year Day Hour Hour angle, deg Epoch
19¢€S 182 Q Oe278E63544SD 03 19649
19£¢ 1l43. g 24219£4955710 Q3 1969
1G6¢S 184 2 J.280£3516G4D 022 1969
19¢6 18% < Ja28lE2CTELT70 I3 1969
1569 1436 V) Ue282EC63640CL I 1969
1566 187 o 22.283792CC63D 03 1909
15€6 188 a De28417770ld6D 03 1969
149656 149 g Ga2ES1632209D 03 1969
1966 19¢C g Ce286174b8431D 03 1964
1¢S5 _191. 0028773445240 013 1969
196¢ 192 2 0.28872CC6770 03 19069
196S L 195 H C Je28S7CH6BCCD 03 E 1969
196 D 194 H O Ce29C€65126250 03 £ 1969
1665 L 195 H O Js 231 €1€SC4A0 Q3 £ 1969
1956 C 190 H 7 Ce292€62516SD 03 & 1969
1966 0 197 H 0 029364812910 03 £ 1969
1966 C 198 H ) 0e294€337414D 03 t 19¢9
196G D 199 h 2 Ce295€193531D 04 E 1909
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REFERENCE

l, Nauticel Almenar Offices: Explanatory Supplement to the Astronomical
Ephemeris and the Americen Ephemeris and Nsuticel Almanac. Pre-
pared Jjointly by the Nautical Almanac Offices of the United King-
dom end the United Stetes of America, 1961.
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Memorandum

TO ! See List Below

FROM : FM/Mission Planning and Analysis Division

SUBJECT: Transmittal of formulation for Greenwich hour angle for the RTCC
mission E, F, and G predictor

The enclosed internal note presents formulation for the Greenwich
hour angle used to evaluate the earth sector.l gravitational accelera~-
tion in the RTCC predictor. The attached data and the fortran listing
of the program used to generate the data is not considered part of the
formulation requirement but was included in the internal note for test
case and formulation verification.

James C. McPherson, Chief
Mathematical Physics Branch

The Flight Software Branch concurs with the above recommendation
and requests IBM to proceed accordingly.

—C

es C., Stokes, J
1ight Software Branch

APPROVED BY:

Chi¥f, Mission Planning
and Analysis Division

Enclosure

Distribution: (See attached - \ge)

Buy U.S. Sevings Bonds Reguiarly ou the Payroll Sovings Plan



